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(57) ABSTRACT

A silicon crystallization method renders 1t 1s possible to form
alignment key without additional photolithography, and to
adjust a substrate to a correct position by sensing a deviation
of the substrate when the substrate 1s loaded. The silicon

crystallization method includes aligning the substrate by
sensing a fixed substrate with a sensing device, and moving,

and/or rotating a stage, wherein the sensing device faces
toward an edge of the substrate to directly sense the edge of
the substrate; forming alignment keys on predetermined por-
tions ol a non-display area of the substrate by correspond-
ingly placing a mask for formation of an alignment key above
the substrate; and crystallizing an amorphous silicon by cor-
respondingly providing a mask for crystallization above the
substrate.

21 Claims, 12 Drawing Sheets

100  Portion for
alignment key




U.S. Patent Apr. 2,2013 Sheet 1 of 12 US 8,409,940 B2

FIG. 1
Related Art
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FIG. 2
Related Art

@




U.S. Patent

Apr. 2,2013

2O

24D

Sheet 3 of 12
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Related Art
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FIG. 5
Related Art
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SILICON CRYSTALLIZATION APPARATUS
AND SILICON CRYSTALLIZATION METHOD
THEREOF

CROSS-REFERENCE TO RELAT
APPLICATIONS

s
w

This application 1s a Divisional of application Ser. No.

11/019,353 filed on Dec. 23, 2004, now U.S. Pat. No. 7,728,
256, and for which priority 1s claimed under 35 U.S.C. §120;
and this application claims priority of Application No. P2003-

096578, filed 1n Korea on Dec. 24, 2003 and Application No.
P2004-101870filed in Korea on Dec. 6, 2004 under35 U.S.C.
§119; the entire contents of all are hereby incorporated by
reference as 1f fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The mvention relates to a silicon crystallization method
and a silicon crystallization apparatus, in which 1t 1s possible
to form an alignment key without additional photolithogra-
phy, and to adjust the substrate to a correct the position by

sensing a deviation of the substrate when the substrate 1s
loaded.

2. Discussion of the Related Art

Various displays increase in demand as information tech-
nologies develop. Recently, many efiorts have been made to
research and develop various flat display panels such as a
liquad crystal display device (LCD), a plasma display panel
(PDP), an electroluminescent display (ELLD), a vacuum fluo-
rescent display (VFD), and the like. Some types of the flat
display panels have already been used in various display
devices.

LCDs are most widely used because of their beneficial
characteristics and advantages including high quality images,
light weight, thin and compact size, and low power consump-
tion. LCDs can be used as substitutes for cathode ray tubes
(CRT) for mobile image display devices. LCDs have also
been developed for use in devices receiving and displaying,
broadcast signals, such as televisions, computer monitors,
and the like.

Generally, an LCD device includes an LCD panel for dis-
playing an image and a driving unit for applying driving
signals to the LCD panel. The LCD panel includes first and
second glass substrates bonded to each other and a liquid
crystal layer injected between the first and second substrates.

In this case, on the first glass substrate (TF'T array sub-
strate), gate lines are formed to be arranged 1n one direction at
fixed 1ntervals, data lines are arranged perpendicularly to the
gate lines at fixed intervals, pixel electrodes are formed 1n a
matrix-type configuration 1n pixel regions defined by the gate
and data lines crossing each other, and thin film transistors are
switched by signals of the gate lines to transfer signals from
the data lines to the pixel electrodes.

On the second glass substrate (color filter substrate), there
1s a black matrix layer for shielding light {from other portions
except the pixel regions. On the second glass substrate can
also be found an R/G/B (Red/Green/Blue) color filter layer
for realizing colors, and a common electrode for realizing an
image.

The above-described first and second glass substrates are
maintained at a predetermined interval from each other by
spacers, and the substrates are bonded to each other by a
sealant having a liquid crystal 1jection inlet. Liquid crystal
material 1s 1njected between the two glass substrates.

10

15

20

25

30

35

40

45

50

55

60

65

2

The general driving principle of an LCD device uses the
optical anisotropy and polarization characteristics of the l1g-
uid crystal. Because the structure of a liquid crystal molecule
1s thin and long, the liquid crystal molecules are aligned along
a specific direction. Based upon dipole moment, the liquid
crystal molecules can have either positive or negative dielec-
tric anisotropy. Applying an induced electric field to the liquid
crystal controls the direction of the alignment. Therefore,
when the alignment of the liquid crystal molecules 1s arbi-
trarily controlled, the alignment of the liquid crystal mol-
ecules eventually alters. Subsequently, due to the optical
anisotropy of liqud crystals, light rays are refracted 1n the
direction of the alignment of the liquid crystal molecules,
thereby representing image information.

In recent technologies, an active matrix liquid crystal dis-
play (LCD), which 1s formed of a thin film transistor and pixel
clectrodes aligned 1n a matrix form and connected to the thin
f1lm transistor, 1s considered to have excellent high resolution
and 1s noted for its ability to represent animated 1mages.

In an LCD device having a polysilicon semiconductor
layer of the thin film transistor, it 1s possible to form the thin
film transistor and a driving circuit on the same substrate.
Also, there 1s no requirement to connect the thin film transis-
tor with the driving circuit, whereby the fabrication process 1s
simplified. In addition, the field effect mobility of polysilicon
1s one to two hundred times higher than the field effect mobil-
ity of amorphous silicon, thereby obtaining a great stability to
temperature and light.

The method of fabricating the polysilicon can be divided
into a low temperature fabrication process and a high tem-
perature fabrication process depending upon the fabrication
temperature.

The high temperature fabrication process requires a tem-
perature of approximately 1,000° C., which 1s equal to or
higher than the temperature required for moditying sub-
strates. Glass substrates have poor heat-resistance, and hence
expensive quartz substrates having excellent heat-resistance
should be used. When fabricating a polysilicon thin film by
using the high temperature fabrication process, madequate
crystallization may occur due to high surface roughness and
fine crystal grains, thereby resulting 1n poor device charac-
teristics, as compared to polysilicon formed by the low tem-
perature fabrication process. Therefore, technologies for
crystallizing amorphous silicon, which can be vapor-depos-
ited at a low temperature to form polysilicon, have been
researched and developed.

The method of depositing amorphous silicon at low tem-
perature, and crystallizing the deposited amorphous silicon,
can be categorized as a laser annealing process and a metal
induced crystallization process.

The low temperature laser annealing process includes irra-
diating a pulsed laser beam on a substrate. More specifically,
by using the pulsed laser beam, the solidification and conden-
sation of the substrate can be repeated about every 10 to 100
nanoseconds. The low temperature fabrication process has
the advantage that the damage caused on a lower 1nsulating
substrate can be minimized.

The related art crystallization method of silicon using the
laser annealing method will now be explained in detail.

FIG. 1 1llustrates a graph showing the size of amorphous
silicon particles versus laser energy density.

FIG. 1 shows that the crystallization of amorphous silicon
can be divided 1nto a first region, a second region, and a third
region depending upon the intensity of laser energy.

The first region 1s a partial melting region where the inten-
sity of the laser energy 1rradiated on the amorphous silicon
layer 1s sufficient to penetrate only the surface of the amor-
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phous silicon layer. After irradiation, the surface of the amor-
phous silicon layer partially melts in the first region, and
small crystal grains are formed on the surface of the amor-
phous silicon layer after the solidification process.

The second region 1s a near-to-complete melting region
where the intensity of the laser energy, being higher than that
of the first region, almost completely melts the amorphous
silicon. After melting, the remaining nucle1 are used as seeds
for crystal growth to thereby form crystal particles with an
increased crystal growth, as compared to the first region.
However, the crystal particles formed 1n the second region are
not uniform. The second region has a narrower laser energy
density band than the first region.

The third region 1s a complete melting region where laser
energy with an increased intensity, as compared to that of the
second region, 1s 1rradiated to completely melt the amorphous
silicon layer. After the complete melting of the amorphous
silicon layer, a solidification process 1s carried out to allow
homogenous nucleation, thereby forming a crystal silicon
layer formed of fine and uniform crystal particles.

In this method of fabricating polysilicon, the number of
laser beam 1rradiations, 1.e., shots, and the degree of overlap
are controlled 1n order to form uniform, large and rough
crystal particles by using the energy density of the second
region.

However, the iterfaces between the many polysilicon
crystal particles act as impediments to electric current tlow,
thereby decreasing the rehiability of the thin film transistor
device. In addition, collisions between electrons may occur
within the many crystal particles to cause damage to the
insulating layer due to the collision current and deterioration,
thereby resulting in product degradation or defects. In order
to resolve such problems, fabricating polysilicon uses a
sequential lateral solidification (SLS) method, where the
crystal growth of the silicon crystal particle occurs at an
interface between liquid silicon and solid silicon in a direction
perpendicular to the itertace. The related art SLS crystalliz-

ing method 1s disclosed 1n detail by Robert S. Sposilli, M. A.
Crowder, and James S. Im, Mat. Res. Soc. Symp. Proc. Vol.
452, pp. 956-957, 1997.

In the related art SLS method, the amount of laser energy,
the wrradiation range of the laser beam, and the translation
distance are controlled to permait lateral growth of a silicon
crystal particle with a predetermined length, thereby crystal-
lizing the amorphous silicon into a single crystal of 1 uM or
more.

The 1rradiation device used for SLS concentrates the laser
beam into a small and narrow region, and the amorphous
silicon layer deposited on the substrate thus cannot be com-
pletely converted into polycrystalline silicon with a single
irradiation. Therefore, in order to change the irradiation posi-
tion on the substrate, the substrate having the amorphous
silicon layer deposited thereon 1s mounted on a stage. Then,
after irradiation on a predetermined area, the substrate is
moved so as to allow 1rradiation to be performed on another
area, thereby carrying out the irradiation process over the
entire surface of the substrate.

FI1G. 2 illustrates a schematic view of a related art sequen-
tial lateral solidification (SLS) device. FIG. 2 shows the
related art sequential lateral solidification (SLS) device that
includes a laser beam generator 1 generating laser beams, a
focusing lens 2 focusing the laser beams discharged from the
laser beam generator 1, and a mask 3 to dividedly 1rradiate the
laser beam on a substrate 10. A reduction lens 4 formed below
the mask 3 reduces the laser beam passing through the mask
3 to a constant width.
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The laser beam generator 1 generally produces light with a
wavelength of about 308 nanometers (nm) using XeCl or a
wavelength of 248 nanometers (nm) using KrF in an excimer
laser. The laser beam generator 1 discharges an unmodified
laser beam. The discharged laser beam passes through an
attenuator (not shown), in which the energy level 1s con-
trolled. The laser beam then passes through the focusing lens
2.

The substrate 10 has an amorphous silicon layer deposited
thereon, and the substrate 10 1s fixed on an X-Y stage 5 that
faces the mask 3.

In order to crystallize the entire surface of the substrate 10,
the X-Y stage 5 1s miunutely displaced, thereby gradually
expanding the crystallized region.

The mask 3 includes an open part ‘A’ that allows the laser
beam to pass through, and a closed part ‘B’ blocks the laser
beam (see FI1G. 3). The width of the open part ‘A’ determines
the lateral growth length of the grains foamed aiter the first
exposure.

FIG. 3 shows a plane view of a mask used 1n a laser
irradiation process. F1G. 4 shows a crystallized region formed
by a laser beam irradiation by using a mask of FIG. 3. Refer-
ring to FIG. 3, the mask used 1n the laser irradiation process 1s
tormed with the open part ‘A’ having patterns opened at a first
interval (a), and the closed part ‘B’ has patterns closed at a
second interval (b). The open and closed parts alternate
sequentially.

The laser irradiation process using the mask will be
described as follows.

First, the mask 3 1s placed over the substrate having an
amorphous silicon layer deposited thereon, and then the first
laser beam 1s 1irradiated. At this time, the irradiated laser beam
passes through the multiple open parts ‘A’ of the mask 3,
whereby predetermined portions 22 of the amorphous silicon
layer corresponding to the open parts ‘A’ are melted and
liquetied, as shown in FI1G. 4. In this case, the intensity of laser
energy has a value selected from the complete melting region,
so that the silicon layer rradiated with the laser completely
melts.

At this time, by a single laser beam 1rradiation, the multiple
open parts ‘A’ of the mask 3 correspond to one unit area 20 of
the substrate, to which the laser beam irradiated, where the
unit area 20 has a length ‘L and a wadth *S’.

After the laser beam 1rradiation, silicon grains 24a and 24b
grow laterally from interfaces 21a and 215 between the amor-
phous silicon region and the completely liquefied silicon
region, and the grains grow towards the irradiation region.
The lateral growth of the silicon grains 24a and 245 proceeds
in a perpendicular direction to the interfaces 21a and 215b.

In the predetermined portion 22 1rradiated with laser cor-
responding to the open part ‘A’ of the mask, 11 the width of the
predetermined portion 22 1s narrower than two times the
growth length of the silicon grains 24a, then the grains grow-
ing mward 1n a perpendicular direction from both sides of the
interface of the silicon region come into contact with one
another at a grain boundary 235, thereby causing the crystal
growth to stop.

Subsequently, 1n order to further grow the silicon grains,
the stage bearing the substrate 1s moved to perform another
irradiation process on an area adjacent to the first irradiated
area. Another crystal thus forms with the new crystal being
connected to the crystal formed after the first exposure. Simi-
larly, crystals are laterally formed on each side of the com-
pletely solidified regions. Generally, the crystal length pro-
duced by the laser 1rradiation process and connected to the
adjacent 1rradiated part 1s determined by the width of open
part ‘A’ and closed part ‘B’ of the mask.




US 8,409,940 B2

S

FIG. § illustrates an overlapped portion aiter completing
the crystallization process over the entire surface of the sub-
strate by using the mask of FIG. 3.

FIG. 5 shows that on progressing the crystallization by the
unit areas (C1, C2, . .., Cm, Cm+1, . . . ) of the substrate
irradiated with shots of the laser beam, there are overlapped
portions (01, 02) of laser beam 1rradiation on the substrate.
That 1s, when 1rradiating the laser beam at the adjacent unit
areas, the predetermined portions between the adjacent unit
areas may be 1rradiated with the laser beam two (or more)
times according to the open part ‘A’ of the mask that partially
overlaps the adjacent unit area. For example, the laser beam
irradiates 1n a condition where the substrate 1s moved along
the X-axis direction at a distance corresponding to the length
‘L’ of the open part of the mask 3, and thus an overlapped
portion 01 generates. Also, the laser beam 1rradiates under the
condition where the substrate 1s moved along the Y-axis direc-
tion at the distance corresponding to (a+b)/2 of the mask 3,
and thus an overlapped portion 02 generates. Among the
overlapped portions 01 and 02, there are the overlapped por-
tions 51 and 52 that are twice irradiated with the laser beam

along any one direction of the X-axis or the Y-axis. Also, the
overlapped portion 53 1s irradiated with the laser beam four
times along the X-axis and the Y-axis directions.

If circuit or display components are positioned 1n the over-
lapped portions 51, 52, and 53, the electron mobility may
decrease due to non-umiformity of grains generated during the
silicon crystallization process. Also, the picture quality
degrades when the overlapped portions 51, 52, and 53 are 1n
correspondence with the pixel region of display area.

Accordingly, the related art silicon crystallization method
has the following disadvantages.

The related art silicon crystallization 1s performed over the
entire surface of the substrate, and the silicon crystallization
process proceeds without an additional alignment key. As a
result, 1t 1s difficult to control the position of laser beam
overlapped portions. Accordingly, if the laser beam over-
lapped portions correspond to the pixel regions or a channel
region, 1t may cause deleterious low picture quality and low
operation speed.

Generally, an LCD device 1s defined as the display area and
a non-display area. Also, the predetermined portion of the
LCD device requiring silicon crystallization corresponds to
the portion having components necessary for rapid operating,
speed. That 1s, the portion requiring the silicon crystallization
bears the components such as the display area for the driving,
circuit part (gate driver and data driver), and the non-display
area 1s for the thin film transistor. Accordingly, 1t 1s possible to
selectively perform the silicon crystallization process to a
predetermined portion without applying the silicon crystalli-
zation process over the entire surface of the substrate. With
the selective silicon crystallization, 1t 1s possible to decrease
the time and number of laser irradiations. However, for selec-
tive silicon crystallization, 1t becomes necessary to provide an
alignment key for sensing the portion of the substrate 1rradi-
ated with the laser beam. For this, there arises a requirement
to perform photolithography to form the additional alignment
key, thereby placing a burden on the silicon crystallization
process.

SUMMARY OF THE INVENTION

Accordingly, the invention pertains to a silicon crystalliza-
tion apparatus and a silicon crystallization method that sub-
stantially obviates one or more problems due to limitations
and disadvantages of the related art.
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6

An object of the invention 1s to provide a silicon crystalli-
zation apparatus and a silicon crystallization method thereof,
in which 1t 1s possible to form an alignment key without
additional photolithography, and to adjust the substrate to a
correct position by sensing the deviation of the substrate
when the substrate 1s loaded.

Additional advantages, objects, and features of the mven-
tion will be set forth 1n part 1in the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the ivention. The objectives and
other advantages of the mvention may be realized and
attained by the structure particularly pointed out 1n the written
description and claims hereotf as well as the appended draw-
ngs.

To achieve these objects and other advantages and 1n accor-
dance with the purpose of the mvention, as embodied and
broadly described herein, the invention, 1 part pertains to a
stage for crystallization that includes a moving stage being
moved 1n a horizontal direction; a fixing plate provided in the
moving stage to fix a substrate; and a rotating frame provided
in the moving stage, to rotate the fixing plate.

The stage for crystallization can further include multiple
adsorption pins provided 1n the fixing plate, for being moved
up and down; and a vacuum groove formed 1n a surface of the
fixing plate, so as to adsorb the substrate. The vacuum groove
can have a lattice shape.

Also, when the substrate i1s loaded, the adsorption pins
project above the fixing plate so as to fix the substrate, and
then the fixing plate 1s moved down while fixing the substrate,
so that the substrate 1s loaded to the surface of the fixing plate.

Further, when the substrate 1s unloaded, the adsorption pins
project above the fixing plate, so that the substrate 1s spaced
apart from the fixing plate.

The ivention, in part, pertains to a silicon crystallization
apparatus that includes a stage for fixing a substrate having
s1licon deposited thereon, and for being rotatably and/or mov-
ably provided with the substrate 1n a horizontal direction, a
sensing device for sensing the substrate fixed to the stage and
controlling the movement of the stage to align the substrate,
and an optical device, 1.e., optics, for crystallizing the silicon
by 1rradiating laser beams onto the substrate.

In the mvention, the optical device includes a laser beam
generator to generate laser beams, a focusing lens to focus the
laser beams, a mask to dividedly irradiate the focused laser
beams onto the substrate when forming alignment keys, a
crystallization mask to selectively 1rradiate the focused laser
beams onto the substrate when performing a crystallization
process, and a reduction lens to reduce the laser beams pass-
ing through the mask to form of the alignment keys and the
crystallization mask.

In the invention, the stage can include a moving stage for
being moved 1n a horizontal direction, a fixing plate provided
in the moving stage so as to {ix the substrate, a rotating frame
provided 1n the moving stage so as to rotate the fixing plate,
multiple adsorption pins provided 1n the {ixing plate for being
moved up and down, and a vacuum groove provided in the
surface of the fixing plate.

Also, the sensing device senses the corner coordinates of
the substrate. The sensing devices include at least first, sec-
ond, and third sensors. The first and second sensors can be
positioned to correspond with the two corner coordinates of
the long length-side direction of the substrate, and the third
sensor 1s positioned to correspondence with the corner coor-
dinates of the short width-side direction of the substrate. The
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first, second, and third sensors can be formed of CCD cam-
eras, or the first, second, and third sensors can bee formed of
LD sensors.

The invention, in part, pertains to a silicon crystallization
method that includes providing a silicon crystallization appa-
ratus mcluding optics, 1.¢., an optical device, for generating,
laser beams, a stage for fixing a substrate having silicon
deposited thereon, the stage being rotatably and movably
provided with the substrate 1n a horizontal direction, and a
sensing device for sensing the position of the substrate. The
method also includes forming an amorphous silicon layer
over an entire surface of the substrate defined as a display area
and a non-display area, fixing the substrate to the stage, align-
ing the substrate by sensing the substrate fixed on the stage
with the sensing means, and moving and rotating the stage,
forming alignment keys on predetermined portions of the
non-display area of the substrate by correspondingly placing
a mask for formation of alignment keys above the substrate,
and crystallizing the amorphous silicon by correspondingly
placing a mask for crystallization above the substrate.

In the mmvention, the process of aligning the substrate
includes positioming first and second sensors to correspond
with the corner coordinates of a length-side direction of the
substrate, and positioming a third sensor to correspond with
the corner coordinates of a width-side direction of the sub-
strate, according to the size of the substrate. The method also
includes detecting the corner coordinates of the substrate with
the first, second, and third sensors, and moving the stage
along the X-axis and the Y-axis directions, and/or rotating the
stage, so as to detect the corner coordinates of the substrate
from all of the first, second, and third sensors.

In the mvention, the method of moving the stage along the
X-axis and the Y-axis directions, and of rotating the stage, can
also 1nclude steps of minutely moving the stage along the
(+)(—)X-axis direction so as to sense the corner coordinates of
the substrate from the third sensor, 1f the corner coordinates of
the substrate are detected from the first and second sensors,
and not detected from the third sensor. Then, the method
minutely moves the stage along the (+)(-)Y-axis direction so
as to sense the corner coordinates of the substrate from the
first and second sensors, 1f the corner coordinates of the
substrate are detected from the third sensor, and not detected
from the first and second sensors. Afterwards, the method
rotates the stage so as to sense the corner coordinates of the
substrate from both the first and second sensors, and moves
the stage along the (+)(-)X-axis direction so as to sense the
corner coordinates of the substrate from the third sensor, 1t the
corner coordinates are detected from any one of the first and
second sensors.

In a preferred embodiment, the alignment key 1s formed in
shape of ¢ 71° Also, when forming the alignment keys, the
laser beam 1s 1irradiated at a first energy density at an intensity
suitable for ablating the amorphous silicon layer. When per-
forming the crystallization process, the laser beams 1s 1rradi-
ated at a second energy density at an intensity sufficient to
completely melt the amorphous silicon layer.

In the invention, the process of crystallizing the amorphous
silicon layer 1s performed using a first step of selectively
crystallizing predetermined portions of the display area, and
a second step of crystallizing a driving circuit part of the
non-display area.

The mvention, 1n part, pertains to a silicon crystallization
method that includes providing a silicon crystallization appa-
ratus including optical means for generating laser beams, a
stage for fixing a substrate having silicon deposited thereon,
and for being rotatably and movably provided with the sub-
strate 1n a horizontal direction, and a sensing device for sens-
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ing the position of the substrate. The method includes steps of
forming an amorphous silicon layer over an entire surface of
the substrate defined as a display area and a non-display area,
fixing the substrate to the stage, aligning the substrate by
sensing the substrate fixed on the stage with the sensing
means, and moving and rotating the stage. The method further
includes forming alignment keys on predetermined portions
of the non-display area by correspondingly providing a mask
for formation of alignment key above the substrate, crystal-
lizing the amorphous silicon on predetermined portions of the
display area by correspondingly placing a first crystallization
mask above the substrate, and crystallizing the amorphous
s1licon of the non-display area by correspondingly placing a
second crystallization mask above the substrate.

In the mnvention, the process of crystallizing the amorphous
s1licon with the first crystallization mask 1s performed while
sensing an interval between the alignment key and the prede-
termined portion of the substrate wrradiated with the laser
beams. Also, the first crystallization mask contains an open
part and a closed part, and a length and a width in the open part
of the first crystallization mask are controlled according to a
s1ze of a semiconductor layer in each pixel. The first crystal-
lization mask can include at least one pattern block corre-
sponding to a semiconductor layer part in each pixel. Further,
the process of crystallizing the amorphous silicon with the
second crystallization mask 1s performed while sensing an
interval between the alignment key and the predetermined
portion of the substrate 1irradiated with the laser beams.

It 1s to be understood that both the foregoing general
description and the following detailed description of the
invention are exemplary and explanatory and are intended to
provide further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the ivention and are incor-
porated 1n and constitute a part of this application, 1llustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention. In the
drawings;

FIG. 1 illustrates a graph showing the size of amorphous
s1licon particles versus laser energy density;

FIG. 2 illustrates a schematic view of a related art laser
irradiation apparatus for a general SLS method;

FIG. 3 illustrates a plane view of a related art mask used 1n
a laser 1rradiation process;

FIG. 4 1llustrates a crystallized area formed by a first laser
beam 1rradiation with a mask of FIG. 3;

FIG. 5 illustrates a laser beam overlapped portion formed
on a predetermined area after performing a crystallization
process over an entire surface of a substrate;

FIG. 6 illustrates a plane view of respective regions formed
on a substrate according to an embodiment of the invention;

FIG. 7 1llustrates an expanded plane view of an alignment
key of FIG. 6 according to an embodiment of the invention;

FIG. 8 1llustrates a cross sectional view of an alignment key
along I-I' of FIG. 7 according to an embodiment of the inven-
tion;

FIG. 9 illustrates a perspective view of a stage for a crys-
tallization process according to an embodiment of the inven-
tion;

FIG. 10 illustrates a plane view of a substrate loaded on a
correct position of a stage according to an embodiment of the
invention;
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FIG. 11 illustrates a plane view of a case for loading a
substrate deviated from a fixation plate according to an
embodiment of the invention;

FIG. 12A and FIG. 12B illustrate plane views of a case a
substrate slides on a fixing plate according to an embodiment
of the invention;

FIG. 13 illustrates a perspective view of a silicon crystal-
lization apparatus according to the first embodiment of the
invention;

FIG. 14A to FIG. 14D 1illustrate a silicon crystallization
process with a silicon crystallization apparatus of FIG. 13
according to an embodiment of the invention; and

FIG. 15 shows a silicon crystallization apparatus using a
laser diode sensor according to an embodiment of the mven-
tion.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made in detail to the preferred
embodiments of the mnvention, examples of which are 1llus-
trated 1n the accompanying drawings. Wherever possible, the
same reference numbers will be used throughout the draw-
ings to refer to the same or like parts.

Hereinafter, a silicon crystallization apparatus and a silicon
crystallization method according to the mmvention will be
described with reference to the accompanying drawings.

FIG. 6 1llustrates a plane view of respective regions formed
on a substrate according to the ivention. FIG. 6 shows a
substrate 100 for a thin film transistor array of an LCD device
1s defined as a display area 110 for displaying a substantial
image, and a non-display area 120 surrounds the display area
110. An amorphous silicon layer 1s deposited over the entire
surtace of the substrate 100.

On the display area 110, multiple gate and data lines (not
shown, positioned 1n portions except pixel regions of the
display area) crossing each other are formed to define the
pixel regions 125, and a pixel electrode 1s formed 1n each of
the pixel regions 125. Also, a thin film transistor 1s formed at
a crossing portion of the gate and data lines 1n a predeter-
mined portion of the pixel region 125, where the thin film
transistor 1s formed from a gate electrode (not shown) pro-
truding from the gate line, a source electrode (not shown)
protruding from the data line, and a drain electrode (not
shown) provided at a predetermined interval from the source
clectrode. In addition, a semiconductor layer 127 1s formed

below the source electrode and the drain electrode so as to
form a channel between them.

A dniving circuit part of a gate driver 140 and a source
driver 150 1s formed over the non-display area 120 so as to
apply signals to the respective gate and data lines of the
display area 110.

Also, an alignment key 130 1s formed over the substrate
100. The alignment key 130 1s used for patterning crystalline
s1licon 1n the semiconductor layer, or for sensing an exposure
area of the substrate by photolithography to form the gate
line, the data line, or the pixel electrode.

This alignment key 130 may be additionally formed by
photolithography. However, the inventive silicon crystalliza-
tion method can have the alignment key 130 being formed by
irradiating a laser beam at each corner of the non-display area
120 at an energy density suitable for ablation of the amor-
phous silicon layer during the silicon crystallization process.
In this case, the alignment key 130 formed during the silicon
crystallization process may be used several times for the
following photolithography.
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FIG. 7 illustrates an expanded plane view of the alignment
key of FIG. 6 according to the invention. FIG. 8 1llustrates a
cross sectional view of the alignment key along I-I' of FIG. 7

according to the invention.

As shown 1n FIG. 7 and FIG. 8, the alignment key 130 1s
formed with a mask (not shown), the mask for formation of
the alignment key preferably having a shape of *71°. The
alignment key 1s not restricted to the shape of © 71° and other

appropriate shapes can be used. These shapes can include but
are not restricted to ‘L°, ‘=7, 27, ‘3°, ‘K’ ‘=7 3L’
0% PP L oo

The energy density of laser beam 1s about at the intensity
(or greater) of completely melting the amorphous silicon
layer, and of removing the amorphous silicon layer irradiated
with the laser beam by ablation. In this laser beam 1rradiation
process, the alignment key 130 1s defined not by completely
removing an amorphous silicon layer of the preferred
* 71? -shaped pattern, but by removing a plurality of minute
patterns 135 having a critical dimension (CD) down to about
0.1 um or smaller 1n the ¢ 717 -shaped pattern.

Unlike the related art photolithography that removes or
leaves a desired region by using a photosensitive pattern
(photoresist pattern), the inventive alignment keys can be
patterned by depositing a butter layer 104 and the amorphous
silicon layer 106 over an entire surface of the substrate 102,
volatilizing a predetermined portion of the amorphous silicon
layer 106 by increasing the intensity of laser beam 1rradiation,
forming multiple minute patterns 131 in intaglio, and defining
the alignment key 130 of *771° shape with the plurality of
minute patterns 131 (see FIG. 8). At this time, the alignment
key 130 may be formed 1n shape of ‘L7, ‘C° 27, ‘37,
S R R L O i S i R T i L=
‘—’_ or ‘o’ by changing the pattern of the mask for forming
the alignment key. However, the alignment key i1s not
restricted to these shapes, and any appropriate shape can be
used.

FIG. 9 1llustrates a perspective view of a stage 1n a silicon
crystallization apparatus for crystallizing amorphous silicon
according to the mvention. FIG. 9 shows a stage 160 of a
s1licon crystallization apparatus for crystallizing amorphous
s1licon that 1s provided with a moving stage 200, a fixing plate
220, pins 230, a rotating frame 250, and a vacuum groove 225.
The moving stage 200 moves a loaded substrate (not shown)
in all directions, and the fixing plate 220 fixes the loaded
substrate (not shown). Also, the pins 230 are provided at
corners of the fixing plate 220, and the pins 230 are moved
upward and downward so as to adsorb the loaded substrate.
The rotating frame 250 rotates the fixing plate 220 to adjust
the loaded substrate to a correct position without deviation or
sliding. The vacuum groove 225 1s provided on the surface of
the fixing plate 220 to {ix the substrate to the fixing plate 220
without leaving any gap.

When the substrate 1s loaded on the fixing plate 220, the
pins 230 project above the fixing plate 220 to fix the loaded
substrate. Then, the pins 230 move downward to adsorb the
loaded substrate, so that the loaded substrate 1s fixed to the
surface of the fixing plate 220. In this case, the vacuum groove
225 uniformly formed on the surface of the fixing plate 220
adsorbs the loaded substrate with the pins 230 by using a
vacuum, and the loaded substrate 1s thus fixed to the surtface of
the fixing plate 220 without a gap. The vacuum groove 225 1s
preferably formed 1n a lattice shape.

When loading the substrate to the stage 160, the substrate
may deviate or slide, so that the substrate may not be posi-
tioned at the correct corresponding position of the stage 160.
To correct this problem, the stage 160 has the rotating frame
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250 for adjusting the substrate 1n case the substrate deviates or
slides, so that 1t 1s possible to adjust the loaded substrate by
minutely rotating or moving the fixing plate 220 at all direc-
tions.

Due to the spatial limitations 1n advancing the crystalliza-
tion process, the laser beam irradiation area by the mask
pattern corresponds to the predetermined portion of the sub-
strate, whereby the moving stage 200 moves the stage 160
bearing the substrate in one direction. Alternately, rotating the
stage 160 bearing the substrate at an angle of 90° progresses
the crystallization process. In this case, the moving stage 200
may move the stage 160 along both the X-axis and Y-axis
directions.

FIG. 10 illustrates a plane view of the substrate correctly
loaded on the desired position of the stage. FIG. 10 shows that
if the substrate 100 1s loaded at the correct portion of the
fixing plate 220 of the stage 160, the alignment keys 130
formed 1n four corners of the substrate 100 correspond with
the portions V for the pins formed at four corners of the stage.

However, when loading the substrate 100 on the fixing
plate 220, the substrate 100 may generally deviate or slide.
Accordingly, the alignment keys 130 formed 1n four corners
of the substrate 100 may not correspond with the portions V
tor the pins formed in four corners of the stage.

A case adjusting the substrate loaded to the fixing plate will
be described with reference to the accompanying drawings.

FIG. 11 1illustrates a plane view of a case for loading the
substrate deviated from the fixing plate according to the
invention. FIG. 12A and FIG. 12B illustrate plane views of
the situation where the substrate slides on the fixing plate
according to the mnvention.

FIG. 11 shows that when the substrate 100 1s externally
loaded on the fixing plate 220 of the stage, the substrate 100
may deviate from the correct position of the fixing plate due
to the external force.

Also, as shown 1in FIG. 12A and FIG. 12B, when the
substrate 100 1s externally loaded on the fixing plate 220, the
substrate 100 1s transferred to the fixing plate 220 by a robot
arm. In this case, the substrate 100 may not stop at the correct
position on the fixing plate due to the speed, and thus the four
corners of the substrate 100 may not be positioned to corre-
spond with the portions V for the pins. That 1s, the substrate
100 may slide relative to the correct area of the fixing plate
220. FIG. 12A 1illustrates the situation where the substrate
slides down toward the right side relative to the portions V for
the pins of the stage. FI1G. 12B illustrates the situation where
the substrate slides up toward the left side relative to the
portions V for the pins of the stage.

In the cases of FIG. 11, FIG. 12A, and FIG. 12B, there are
requirements for rotating the fixing plate 1n a clockwise direc-
tion, or moving the stage to the northwest or southeast (1.¢.,
diagonal) direction to thereby aligning the substrate. Espe-
cially, for the mmventive silicon crystallization method, the
crystallization process 1s selectively performed at predeter-
mined portions of the substrate instead of over the entire
surface of the substrate. In this respect, it becomes necessary
to sense the deviation or the sliding of the substrate, and to
adjust the substrate to the correct position. As a result, the
crystallization process 1s correctly performed at selected por-
tions of the substrate.

A silicon crystallization apparatus having additional posi-
tion sensors above the stage will be described as follows.

FI1G. 13 illustrates a perspective view of a silicon crystal-
lization apparatus according to the first embodiment of the
invention. FIG. 13 shows a silicon crystallization apparatus
that 1s provided with optics (not shown), a fixing plate 220 and
adsorption pins 230 of a stage 160, a sensing device 300, and
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an adjusting mechanism 250. At this time, the optics (not
shown) 1rradiates a laser beam to predetermined patterns of a
substrate. Then, the substrate 1s loaded on the stage 160 by the
fixing plate 220 and the adsorption pins 230 using vacuum
adsorption. Also, the sensing device 300 1s provided to sense
the position of the substrate loaded to the fixing plate 220, and
the adjusting mechanism 250 adjusts the substrate deviated
from or sliding on the fixing plate 220. As explained above,

the adjusting mechanism 1s preferably formed from a rotating
frame 250.

The optics 1s provided with a laser beam generator for
irradiating a laser beam, a condensing lens for condensing the
laser beam, a mask for forming alignment keys to correspond
with selected portions, a mask for a crystallization process,
and areducing lens for reducing the laser beam transmitted by
the masks for the alignment keys and crystallization process.
The optics thus transmit laser beam patterns. The optics are
provided above the stage 160 when loading the substrate 100,
so as to 1rradiate the laser beam at the corresponding patterns
of the substrate 100 by using the mask for making the align-
ment keys or the mask for the crystallization process.

The stage of FIG. 13 has the same structure as that of FIG.
9.

Here, the adsorption pins 230 move up and down. That 1s,
when the substrate 100 1s loaded to the fixing plate 220 by a
loader (not shown), the adsorption pins 230 move up to fix the
substrate. When the loader unloads the substrate, the adsorp-
tion pins 230 move down so as to move the substrate down-
ward, whereby the substrate 1s loaded on the surface of the
fixing plate 220. After that, the substrate 1s fixed using a
lattice-shaped vacuum groove 225 formed on the surface of
the fixing plate 220.

The sensing device 300 senses the position of the substrate
100 so as to adjust the position of the deviated substrate by
minutely moving the rotating frame 250, or to adjust the
position of the slid substrate by moving the stage. The sensing
device 300 may be a CCD (charge coupled device) camera or
an LD (laser displacement) sensor. That 1s, three (or more)
CCD cameras or LD sensors are provided in correspondence
with the corners (or edges) of the substrate fixed to the fixing
plate 220. The sensing device 300 1s provided 1n the optics,
and the sensing device 300 1s perpendicular at a predeter-
mined interval from the substrate 100. Also, each of the first,
second, and third sensors 301, 302, and 303 of the sensing
device 300 1s provided at the same distance from the substrate
100. If using CCD cameras as the sensing device 300, the
CCD cameras map the corners of the substrate. If using LD
sensors as the sensing device 300, the LD sensors sense the
step difference of the corners of the substrate using a laser
scanning method.

FIG. 13 shows that the sensing device 300 1s provided with
the first, second, and third sensors 301, 302, and 303 (three
CCD cameras or three LD sensors). The first and second
sensors 301 and 302 are positioned to correspond with the two
corners of the longer length-side direction of the substrate,
and the third sensor 303 1s positioned to correspond with one
corner of the short width-side direction of the substrate. The
substrate has a rectangular shape so that it 1s possible to sense
the position of the substrate with the three CCD cameras or
the three LD sensors.

The mventive silicon crystallization apparatus has the sub-
strate being fixed to the fixing plate 220 by the adsorption pins
230 and the vacuum groove 2235, and the position of the
substrate 1s sensed with the sensing device 300. If the sub-
strate deviates from the correct position, the rotating frame
250 operates to adjust the substrate. Also, 1f the substrate
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slides, the stage 1s moved along the X-axis and the Y-axis
direction so as to adjust the substrate.

FIG. 14 A to FI1G. 14D illustrate the inventive silicon crys-
tallization process using the silicon crystallization apparatus
of FIG. 13.

First, the substrate 100 (which 1s defined 1nto a display area
and a non-display area) 1s prepared, and an amorphous silicon

layer 1s formed over the entire surface of the substrate 100.
FIG. 14A shows that the substrate 100 1s moved to the

fixing plate 220 of the stage 160 by the loader 180. Then, as
shown in FIG. 14B, when the substrate 100 1s positioned
above the fixing plate 220, the adsorption pins 230 move up to
adsorb, 1.e., support, the substrate 100, and then the loader
180 1s retracted.

Afterwards, the adsorption pins 230 move down while
supporting the substrate 100, so that the substrate 100 1s
loaded on the surface of the fixing plate 220. Then, the loaded
substrate 100 1s fixed to the fixing plate 220 using the vacuum
groove 225.

FIG. 14C shows the sensing device 300 sensing the posi-
tion of the substrate 100 fixed to the fixing plate 220, so that
it 1s possible to sense whether the substrate 100 deviates or
slides from the correct position. That 1s, the first and second
sensors 301 and 302 (two CCD cameras or two LD sensors)
are provided to correspond with the two corners of the long
length-side direction of the substrate, and the third sensor 303
(one CCD camera or one LD sensor) 1s provided to corre-
sponds with one corner of the short width-side direction of the
substrate. After fixing the substrate to the fixing plate 220, the
substrate 1s checked to determine whether the corner coordi-
nates are detected by the first, second, and third sensors 301,
302, and 303.

FI1G. 15 shows a variation of the configuration of FIG. 14C
where the sensing device 300 senses the position of the sub-
strate 100 fixed to the fixing plate 220, so that 1t 1s possible to
sense whether the substrate 100 deviates or slides from the
correct position. In this embodiment, the laser diode (LD)
sensing device 310 has first and second sensors 311 and 312
(two LD sensors) are provided to correspond with the two
corners of the long length-side direction of the substrate, and
the third sensor 313 (one LD sensor) 1s provided to corre-
spond with one corner of the short width-side direction of the
substrate. After fixing the substrate to the fixing plate 220, the
substrate 1s checked to determine whether the corner coordi-
nates are detected by the first, second, and third LD sensors
311, 312, and 313.

If the corner coordinates of the substrate are sensed by the
three sensors, the substrate 1s re-aligned with the sensed cor-
ner coordinates, thereby correctly aligning the substrate. That
15, even 11 the corner coordinates of the substrate are detected,
the substrate 1s re-aligned to the correct position. Also, if the
corner coordinates of the substrate are not detected by all
three sensors, the coordinates are determined as the substrate
deviates or shides. The moving stage 200 1s accordingly
moved along the X-axis direction and the Y-axis direction, so
that the corner coordinates of the substrate are detected by all
the three sensors.

If the first and second sensors 301 and 302 provided 1n the
long length-side direction of the substrate sense the corner
coordinates of the substrate, and i1 the third sensor 303 pro-
vided 1n the short width-side direction of the substrate doesn’t
sense the corner coordinates of the substrate, then the moving
stage 200 1s minutely moved along the (+)(-) X-axi1s direction
so that the third sensor 303 senses the corner coordinates of
the substrate.

Also, 1f the corner coordinates of the substrate are sensed
only by the third sensor 303 provided 1n the short width-side
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direction of the substrate, and 1f the corner coordinates of the
substrate are not sensed by the first and second sensors 301
and 302 provided 1n the long length-side direction of the
substrate, then the moving stage 1s minutely moved along the
(+)(—) Y-axis direction so that the first and second sensors 301
and 302 sense the comer coordinates of the substrate.

By moving the moving stage 200, the corner coordinates
are sensed by any one of the first and second sensors 301 and
302, and it 1s determined if the substrate deviates from the
correct position. In this situation, the rotating frame 250 oper-
ates so that the corner coordinates of the substrate are sensed
in both the first and second sensors 301 and 302, thereby
adjusting the substrate to the correct position. Also, by mov-
ing the moving stage 200, the corner coordinates of the sub-
strate are sensed by the third sensor 303.

After aligning the substrate fixed to the fixing plate 220, the
mask (not shown) for forming the alignment keys 1s posi-
tioned above the substrate 100. The alignment key pattern 1s
preferably formed 1n shape of ¢ 717

Subsequently, as shown 1n FIG. 14D, the laser beam 1s
irradiated at a first energy density at predetermined portions
of the non-display area through the mask for forming the
alignment keys, thereby forming the alignment keys 130. The
alignment keys 130 correspond with the corners of the sub-
strate 100. In this case, the substrate 1s pre-aligned according
to the process discussed above, and then the substrate 1s
placed at the correct position by using the alignment keys 130.

At this time, the first energy density of laser beam 1s
adjusted to the intensity ol completely ablating the amor-
phous silicon layer. That 1s, the laser beam 1rradiates at the
energy density required to completely melt the amorphous
silicon layer (third region of FIG. 1), so that the amorphous
silicon layer of the substrate 100 corresponding to the pre-
terred ¢ 712 -shaped pattern of the mask 1s not crystallized, so
as to be ablated as a number of minute patterns having a
critical dimension CD down to about 1 um or smaller.

Subsequently, the mask (not shown) for the silicon crys-
tallization process 1s positioned above the substrate 100.
Then, the laser beam 1s 1rradiated at a second energy density
at the substrate 100 through the mask, thereby performing the
crystallization process. In this case, the silicon crystallization
process using the mask may be entirely performed on the
substrate without division. Alternately, the silicon crystalli-
zation process may be selectively performed on the substrate
by the sequential process of crystallizing the semiconductor
layer of the display area (‘127 of FIG. 6), and by crystallizing
the driving circuit part of the non-display area.

In the latter case of the selective silicon crystallization
process, the interval between the laser beam irradiation por-
tion of the substrate 100 and the alignment key 130 1s sensed
with the alignment keys 130 formed at the corners of the
substrate 100.

In both the entire and selective silicon crystallization pro-
cess, the alignment keys 130 are formed before the crystalli-
zation process, and the alignment keys are used for a pattern-
ing process proceeding after the crystallization process.

The second energy density 1s set at the energy density (third
region of FIG. 1) necessary to completely melt the amorphous
silicon layer, so as to be suitable for SLS (sequential lateral
solidification).

Although not shown, the mask for the silicon crystalliza-
tion process 1s provided with alternately formed open parts
and closed parts.

For the latter case of the selective silicon crystallization
process, the length and width of the mask for the silicon
crystallization process 1s controlled 1n accordance with the
s1ze of the semiconductor layer of the pixel regions formed on
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the substrate. The length and width of the semiconductor
layer formed on the pixel regions are within several tens of
um, whereby the open part of the mask has a smaller length
than that of a general mask for the crystallization process.

If the crystallization process 1s performed on the semicon-
ductor layer part of the display area and the driving circuit part
of the non-display area by using one mask for the crystalli-
zation process, then the number of laser 1rradiations required
tor crystallizing the driving circuit part increases because the
open part of the mask has a small size. Accordingly, in addi-
tion to the mask for the crystallization process to the display
area, there 1s a requirement for providing a mask having a
longer open part, thereby simplifying the laser beam 1rradia-
tion process.

Both the first energy density for the alignment keys and the
second energy density for the crystallization process are set at
the energy density corresponding to the third region of FIG. 1.
However, the slit width (about 10 um) of the mask for the
alignment keys 1s relatively larger than the slit width (about
2-3 um) of the mask for the crystallization process. In this
respect, even though the laser beam having the same energy 1s
irradiated, the irradiated magnitude of the laser beam for
forming the alignment keys 1s usually greater than the irra-
diation magnitude of the laser beam used for the crystalliza-
tion process.

After completing the crystallization process, the adsorp-
tion force of the fixing plate 220 1s removed, and the adsorp-
tion pins 230 move up, whereby the substrate 100 moves apart
from the fixing plate 220. Then, as explained above, the
loader 180 1s positioned between the substrate 100 and the
fixing plate 220, and the crystallized substrate 1s unloaded.

Another crystallizing method will be described as follows.

First, a substrate defined into a display area and a non-
display area 1s prepared, and an amorphous silicon layer 1s
tormed over the entire surface of the substrate.

As shown i FIG. 14A, the substrate 100 1s positioned
above the fixing plate 220 of the stage 160. Then, as shown 1n
FIG. 14B, the substrate 100 1s fixed to the fixing plate 220 by
using the adsorption pins 230 and the vacuum groove 225.
After that, as shown in FIG. 14C, the corner coordinates of the
substrate are sensed with the sensing device 300. According
to the sensing results, the moving stage 200 1s moved along
the X-axis direction and the Y-axis direction, and the rotating
frame 250 1s operated to align the substrate, whereby the
deviated or slid substrate 1s aligned.

Subsequently, the mask (not shown) for forming the align-
ment keys 1s correspondingly placed above the substrate 100.
Then, as shown in FIG. 14D, the laser beam irradiates at a first
energy density toward the predetermined portions of the non-
display area through the mask for forming the alignment
keys, thereby forming the alignment keys 130.

Then, the first crystallization mask (not shown) 1s corre-
spondingly provided above the substrate. After that, the laser
beam irradiates at a second energy density toward the prede-
termined portion of the display area through the first crystal-
lization mask. At this time, during the crystallization process
using the first crystallization mask, the laser beam 1s irradiates
while sensing the interval between the predetermined por-
tions of the substrate 1rradiated with laser beam and the align-
ment keys.

The predetermined portions of the display area corre-
sponding to the first crystallization mask are formed from the
semiconductor layer part.

The first crystallization mask has at least one pattern block
corresponding to the semiconductor layer part. That 1s, when
the first crystallization mask has multiple pattern blocks cor-
responding to the semiconductor layer part, the pattern blocks
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of the first crystallization mask are provided to have the laser
beam irradiation portions being spaced in correspondence
with the pixel intervals. This spacing 1s 1n due consideration
of the reducing ratio of the first crystallization mask to the
substrate 100. The pattern blocks have the corresponding size
of the semiconductor layer part, wherein multiple open and
closed parts are alternately provided.

In the pattern blocks of the first crystallization mask, the
length and width of the first crystallization mask 1s controlled
in accordance with the size of the semiconductor layer of the
pixel regions formed on the substrate. Usually, the length and
width of the semiconductor layer formed on the pixel regions
are within several tens of um, whereby the open part of the
mask has a smaller length than that of the general mask used
for the crystallization process.

Subsequently, the second crystallization mask 1s placed
above the substrate. The second crystallization mask also has
multiple alternate open and closed parts. At this time, the open
part has a width of several tens of um, and the open part has a
length of about several mm to several thousand mm.

Afterwards, the laser beam 1rradiates at a second energy
density toward the driving circuit part of the non-display area
through the second crystallization mask. The laser beam 1rra-
diates while sensing the interval between the predetermined
portions of the substrate 1rradiated with laser beam and the
alignment keys. In this case, it 1s unnecessary to check the
interval between the alignment keys 130 and the laser beam
irradiated portions of the substrate whenever the laser beam 1s
irradiated. That 1s, the mterval between the alignment keys
and the substrate irradiated with the laser beam 1s checked at
the start point and the end point of the laser beam irradiated in
one direction.

This crystallization method uses the same process as that of
the former crystallization method, except that this crystalli-
zation method separately performs the crystallization process
for the semiconductor layer part of the display area and the
driving circuit part of the non-display area using the two
masks.

After completing the crystallization process, the adsorp-
tion force of the fixing plate 220 1s removed, and the adsorp-
tion pins 130 move up, whereby the substrate 100 moves apart
from the fixing plate 220. Then, as explained above, the
loader 180 1s positioned between the substrate 100 and the
fixing plate 220, and the crystallized substrate 1s removed.

Accordingly, the silicon crystallization apparatus and the
silicon crystallization method of the invention have the fol-
lowing advantages.

In the mventive silicon crystallization apparatus, the sens-
ing device 1s provided to determine whether the substrate
deviates or slides. After determining the position of the sub-
strate, the substrate 1s aligned by moving the stage or operat-
ing the rotating frame, whereby the alignment keys are
formed at the correct positions.

Without the additional photolithography, a laser beam hav-
ing high energy density is irradiated through the mask to form
the alignment keys before performing the crystallization pro-
cess, thereby forming the alignment keys by ablating prede-
termined portions of the amorphous silicon layer. The align-
ment keys may be used for all the processes entailing
patterning after the crystallization process, without an addi-
tional process for forming the alignment keys.

Also, since the alignment keys are formed after pre-align-
ing, the alignment keys are easily recognizable in an exposure
apparatus.

Furthermore, even though the different substrates are
loaded, it becomes possible to form the alignment keys at the
same position in each substrate. Accordingly, 11 there 1s a
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requirement to selectively crystallize the divided areas, it
becomes possible to selectively perform the crystallization
process on the substrate with the alignment keys, in due
consideration of the interval.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the nvention
without departing from the spirit or scope of the mvention.
Thus, 1t 1s intended that the invention covers the modifications
and variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What 1s claimed 1s:

1. A silicon crystallization method, which comprises:

providing a silicon crystallization apparatus including an

optical device for generating laser beams, a stage for
fixing a substrate having silicon deposited thereon, for
being rotatably and movably provided with the substrate
in a horizontal direction, and a sensing device provided
in the optical device for sensing the position of the
substrate;

forming an amorphous silicon layer over an entire surface

of the substrate defined as a display area and a non-
display area;
fixing the substrate to the stage;
aligning the substrate by sensing the fixed substrate with
the sensing device, and moving and/or rotating the stage,
wherein the sensing device faces toward an edge of the
substrate to directly sense the edge of the substrate;

forming alignment keys on predetermined portions of the
non-display area of the substrate by correspondingly
placing a mask for formation of alignment key above the
substrate; and

crystallizing the amorphous silicon by correspondingly

providing a mask for crystallization above the substrate.
2. The silicon crystallization method of claim 1, wherein
the sensing device includes at least first, second, and third
SEeNSOors;
wherein the process of aligning the substrate includes:
positioning the first and second sensors to correspond with
the corner coordinates of a length-side direction of the
substrate, and positioning the third sensor to correspond
with corner coordinates of a width-side direction of the
substrate, according to the size of the substrate;

detecting the corner coordinates of the substrate with the
first, second, and third sensors; and

moving the stage along the X-axis and the Y-axis direc-

tions, and/or rotating the stage, so as to detect the corner
coordinates of the substrate from all of the first, second,
and third sensors.
3. The silicon crystallization method of claim 2, wherein
the method of moving the stage along the X-axis and the
Y-axis directions, and of rotating the stage, includes:
minutely moving the stage along a positive X-axis and a
negative X-axis direction so as to sense the corner coor-
dinates of the substrate from the third sensor, if the
corner coordinates of the substrate are detected from the
first and second sensors, and not detected from the third
SeNnsor;

minutely moving the stage along a positive Y-axis and a
negative Y-axis direction so as to sense the corner coor-
dinates of the substrate from the first and second sensors,
if the corner coordinates of the substrate are detected
from the third sensor, and not detected from the first and
second sensors; and

rotating the stage so as to sense the corner coordinates of

the substrate from both the first and second sensors, and
moving the stage along a positive X-axis and a negative
X-axis direction so as to sense the corner coordinates of
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the substrate from the third sensor, 11 the corner coordi-
nates are detected from any one of the first and second
SeNsors.

4. The silicon crystallization method of claim 1, wherein
the alignment key 1s formed 1n a shape ‘L.

5. The silicon crystallization method of claim 1, wherein,
when forming the alignment keys, the laser beams 1rradiates
at a first energy density.

6. The silicon crystallization method of claim 5, wherein
the first energy density i1s set at an intensity suitable for
ablating the amorphous silicon layer.

7. The silicon crystallization method of claim 1, wherein,
when performing the crystallization process, the laser beams
irradiates at a second energy density.

8. The silicon crystallization method of claim 7, wherein
the second energy density 1s determined as an intensity to
completely melt the amorphous silicon layer.

9. The silicon crystallization method of claim 1, wherein
the process of crystallizing the amorphous silicon layer 1s
performed using a first step of selectively crystallizing pre-
determined portions of the display area, and a second step of
crystallizing a driving circuit part of the non-display area.

10. A silicon crystallization method, which comprises:

providing a silicon crystallization apparatus 1including an

optical device for generating laser beams, a stage for
fixing a substrate having silicon deposited thereon, and
for being rotatably and movably provided with the sub-
strate 1n a horizontal direction, and a sensing device
provided 1n the optical device, the sensing device facing
toward an edge of the substrate to directly sense the edge
of the substrate;

forming an amorphous silicon layer over an entire surface

of the substrate defined as a display area and a non-
display area;

fixing the substrate to the stage;

aligning the substrate by sensing the substrate fixed on the

stage with the sensing device, and moving and/or rotat-
ing the stage;
forming alignment keys on predetermined portions of the
non-display area by correspondingly providing a mask
for formation of alignment key above the substrate;

crystallizing the amorphous silicon on predetermined por-
tions of the display area by correspondingly placing a
first crystallization mask above the substrate; and

crystallizing the amorphous silicon of the non-display area
by correspondingly placing a second crystallization
mask above the substrate.
11. The silicon crystallization method of claim 10, wherein
the sensing device includes at least first, second, and third
SEeNSOrs;
wherein the process of aligning the substrate includes:
positioning the first and second sensors to correspond with
the corer coordinates of a length-side direction of the
substrate, and positioming the third sensor to correspond
with the comer coordinates of a width-side direction of
the substrate, according to the size of the substrate;

detecting the corer coordinates of the substrate with the
first, second, and third sensors; and

moving the stage along the X-axis and the Y-axis direc-

tions, and/or rotating the stage, so as to detect the corner
coordinates of the substrate from all of the first, second,
and third sensors.

12. The silicon crystallization method of claim 11, wherein
the method of moving the stage along the X-axis and the
Y-axis directions, and of rotating the stage, includes:

minutely moving the stage along a positive X-axis and a

negative X-axis direction so as to sense the corner coor-
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dinates of the substrate from the third sensor, if the
corner coordinates of the substrate are detected from the
first and second sensors, and not detected from the third
SeNnsor;

minutely moving the stage along a positive Y-axis and a
negative Y-axis direction so as to sense the corner coor-
dinates of the substrate from the first and second sensors,
if the corner coordinates of the substrate are detected
from the third sensor, and not detected from the first and
second sensors; and

rotating the stage so as to sense the corner coordinates of

the substrate from both the first and second sensors, and
moving the stage along a positive X-axis and a negative
X-axis direction so as to sense the corner coordinates of
the substrate from the third sensor, 11 the corner coordi-
nates are detected from any one of the first and second
SeNsors.

13. The silicon crystallization method of claim 10, wherein
the alignment key has a shape of ‘L.

14. The silicon crystallization method of claim 10,
wherein, when forming the alignment keys, the laser beams
irradiates at a first energy density.

15. The silicon crystallization method of claim 14, wherein
the first energy density 1s set at an intensity suitable for
ablating the amorphous silicon layer.
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16. The silicon crystallization method of claim 10, wherein
when performing the crystallization process, the laser beams
irradiates at a second energy density.

17. The silicon crystallization method of claim 16, wherein
the second energy density 1s set at an intensity of completely
melting the amorphous silicon layer.

18. The silicon crystallization method of claim 10, wherein
the process of crystallizing the amorphous silicon with the
first crystallization mask 1s performed while sensing an inter-
val between the alignment key and the predetermined portion
of the substrate irradiated with the laser beams.

19. The silicon crystallization method of claim 10, wherein
the first crystallization mask comprises an open part and a
closed part, and a length and a width 1n the open part of the
first crystallization mask are controlled according to a size of
a semiconductor layer in each pixel.

20. The silicon crystallization method of claim 10, wherein
the first crystallization mask includes at least one pattern
block corresponding to a semiconductor layer part 1n each
pixel.

21. The silicon crystallization method of claim 10, wherein
crystallizing the amorphous silicon with the second crystal-
lization mask 1s performed while sensing an interval between
the alignment key and the predetermined portion of the sub-
strate 1rradiated with the laser beams.
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